The utilization of sorne nickel basic salts, nickel hydroxychloride and nickel hydroxynitrate, as inorganic precursors in the obtention of nickel powder, has been studied. When these materials are thermally decomposed in an X-ray high-temperature diffraction chamber, pure nickel is formed as the only compound at about 700· C but if nickel hydroxide is the starting material, small amounts of nickel oxide are always present even if the temperature is raised up to 900· C.
Introduction
Because of the many applications of nickel powder, especially as a catalyst, a great deal of work has been done regarding the obtention of this metal. The production of nickel by the thermal decomposition of some organic and organometallic nickel compounds, as well as the reduction of nickel l hydroxyde with hydrogen, are among the most usual chemical procedures [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
In a previous paper [15] we have shown that copper powder can be easily obtained from an inorganic precursor, copper hydroxychloride, when it is decomposed in an X-ray high temperature diffraction chamber. We .have now extended the study to two nickel basic salts, nickel hydroxychloride and nickel hydroxynitrate, and the results have been compared with those obtained when nickel hydroxyde is the inorganic precursor.
Experimental procedure

Synthesis
Nickel hydroxychloride was obtained by a procedure that consists in the hydrolysis of 20 mI of a 4M solution of NiCl 2 . 6H 2 0 with 0.5 g of nickel oxide recently prepared. The grey-green precipitate thus formed was aged at room temperature for six months in the mother liquor, filtered off, washed with water, ethanol and acetone, dried in vacuum and kept over P20j. The analytical results were as follows: found (wt %) Ni 42.34, Cl 25.57, H 3.01. FrQm the observation of the infrared spectrum of this compound, the presence ofwater and OH-groups are clearly inferred, and the results of the chemical analysis are in favour of a formulation for this product such as Ni (OH)Cl . On the other hand, the X-ray diffraction pattern of this compound agree with that reported by Feitknecht and Collet [16] for the Type III nickel hydroxychloride NiCl 2 . 2Ni(OH)2 . 3 to 4 H 2 0 and, even though the I analytical results support a i 1 : 1 NiCI 2 : Ni(OH)2 stoichiometric relationship, theiX-ray diffraction data as well as the results of thermal studies prevent us from rejecting the Feitknecht and Collet formulation.
The X-ray diffraction data ofthis material are given in Table 1 . The X-ray pattern has been indexed within a monoclinic cell and the calculated cell dimensions have been refined by least-square calculations. The electron microscopy observations indicate that this product is a single phase and Fig. 1 shows a representative micrograph.
The synthesis of anhydrous nickel hydroxynitrate was first attempted by solid-state thermal decomposition [17, 18] in which Ni(N0 3 )2 . 6H 2 0 is decomposed at a very low heating rate (5° C in 48 h) up to 160° C.
On the other hand, we have also obtained this compound, which has been reported as a non-stoichiometric nickel hydroxynitrate [19] , by adding to a 0.3M solution of Ni(N0 3 )2 . 6H 2 0 a 0.2M solution of urea with continous stirring. The resulting solution is kept boiling until nickel hydroxynitrate precipita tes and T A B L E 1 X-ray powder data for nickel hydroxychloride COz evolution has ceased. The precipitate ís filtered off and washed thoroughly with cold water, alcohol and vacuum-dried until the adsorbed COz has been COIDpletely removed. The X-ray powder diagram and the infrared spectrum of this material are identical to those recorded for the product obtained by solid-state thermal decomposition and agree with the reported data [20] . . Nickel hydroxide was obtained by adding a 1 M so lution of NaOH to a 0.3 M solution of Ni(NO))z . 6H 2 0; the precipitate was washed with cold water and dried overnight at 100 0 C. The X-ray pattern is that of P-Ni(OH)2 [21, 22] and the infrared spectrum indicates that the material has a nearly "free" hydroxyl group [23, 24] .
All reagents were of analytical reagent grade.
Equipment
The X-ray diffraction diagrams were recorded on a Siemens 0-500 diffractometer with CuKIX radiation and silícon powder (99.99% purity) as internal standard. The infrared spectra were obtained in the 4000 to 200 cm -1 range in a Perkin-Elmer 325 spectrophotometer on potassium bromide or caesium iodide pellets. Eleetron mierographs were obtained with a Siemens El miskop 102 microscope and the amples were disper ed in n-butano!. The thermograms were obtained in a Stanton 781 Simultaneous Thermal Analysis System. About 10mg of the samples were pyrolysed in platinum-rhodium wells up to 800 0 C both in air and nitrogen flows (50m l min -1 ) at several heating rates (2, 10° C min-I ) and preealcined; alumina was lhe inert reference. The X-ray high temperature diffraction studies were performed on an Anlon PAAR HTK 10 chamber mounted on a Philips PW 1310 equipment with a tantalum strip as the heating element. Experimenta l details ha ve been published elsewhere [15] . The infrared spectra of the initial compound and of intermedia tes isolated at 180 and 280° C are shown in Fig. 3 . The absorption bands have been tentatively assigned by comparison with those of sorne analogous compounds [26] [27] [28] [29] , Table 11 .
. ' Nickel chloride and oxide are the products identified at 420 0 C when decomposition is carried out in air and the overall weight loss up to this temperature is 27.08%. When decomposition occurs in nitrogen flow the experimental weight loss is almost the same but a different compound or a mixture that could not be identified is formed. Nevertheless, the X-ray powder diffraction data on thermal analysis residues at 800° C, both in air or nitrogen, indicate the presence of only nickel oxide [30] .
Thermal decomposition of nickel hydroxynitrate is a single-step process (Fig. 2c ) that takes place in the temperature range 295 to 380° C and is accompanied by a weight loss of 39.24%, yielding nickel oxide as final product. The theoretical value calculated for the reaction Ni 3 (OHMN0 3 )2 -+ 3NiO is 39.12%.
The thermograms recorded for nickel hydroxide are similar to those already published [23] .
3.2. X-ray high temperature diffraction studies When nickel hydroxychloride is heated under dynamic vacuum 00-3 torr) in the X-ray high temperature diffraction chamber, it decomposes at about 50° C and at 250 0 C the X-ray diagram (Fig. 4b) shows lines that could be indexed with the hexagonal cell parameters given for Type 11 nickel hydroxychloride [25] . As the temperature increases, nickel oxide diffraction maxima appear and at 400° C the diagram is as shown in Fig. 4c . At 600° C the recorded diagram consists of lines of nickel oxide and in addition a broad band at 20 = 15.7° is still observed. The nickel diffraction peaks are evident when the· temperature reaches 680° C (Fig. 4d) , and when the !temperature is held at 720° C for 20 min nickel is readily obtained as the only product.
Under the experimental conditions already indicated, decomposition of nickel hydroxynitrate starts at about 200° C and NiO diffractio'l lines start to appear; at 400° C they are observed as very broad bands together with the most intense lines of nickel hydroxynitrate (Fig. 5b) . The crystallization of nickel oxide increases as the temperature rises and at 500° C the diagram only shows the diffraction maxima of nickel oxide as very welI-defined peaks (Fig. Sc) . As the temperature is increased, the most intense O 1 1) reflection of nickel metal is observed as a shoulder on the (200) reflection ofnickel oxide. Nickel exists from 600° C onwards and at 700° C there is evidence for the presence of a considerable amount of the metal; it is obtained as the only product on holding the temperature at 700° C for about 30 mino In order to compare the aboye results, Ni(OH)2 has also been decomposed under the same experimental conditions. The X-ray diffraction pattern of this material is not altered up to 300° C, a temperature at which nickel oxide is formed as indicated by the very broad bands appearing in the 20 intervals where the most intense reflections of nickel oxide are located. At 500° C the (1 1 1) and (2 O O) reflections of nickel metal are observed (Fig. 6c) , and from this temperature up to 700° C their intensities progressively increase as well as the crystallinity of the remaining nickel oxide, which is still observed even if the sample is heated at 900° C for 15 min (Fig. 6e) .
Conclusions
From all the aboye results it can be concluded that both nickel hydroxychloride or nickel hydroxynitrate can be used as inorganic precursors of nickel when these basic salts are thermally decomposed under particular experimental conditions, yielding in both cases the metal at comparatively low temperatures, especially ifnickel hydroxynitrate constitutes the parent material.
When nickel hydroxide is decomposed under the same conditions, the metal is obtained at the lowest temperature -400° C -but it is not the only product since nickel oxide remains as a minority component up to at least 900° C. From these results it can be noted that it would be worthwhile to use a nickel basic salt, mainly nickel hydroxynitrate, as inorganic precursor in the production of nickel.
